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«s f 5 (57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical wireless 
communication system which wirelessly transmits a light signal 
independently of the sunlight. 

SOLUTION: The optical wireless communication system for 
performing communication using a laser beam in a free space 
includes an optical wireless transmitter and an optical wireless 
receiver. In the transmitter, two semiconductor lasers having a 
mutually orthogonal relations in their polarized direction perform 
complementarily intensity modulation according to an input data 
signal. In the receiver, a polarized light separation prism separates 
polarized light, and current/voltage conversion is carried out at a 
middle point of two photodiodes positioned in series, whereby only a 
differential signal of the polarized-light separated optical signal 
currents is converted to a voltage to obtain data signal. 
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1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

In an optical radio communications system which performs radio using light between an optical radio 
transmitter and an optical radio set, 
Said optical radio transmitter, 
The 1 st semiconductor laser, 

The 2nd semiconductor laser that has polarization of this 1st semiconductor laser, and the polarization 
which intersects perpendicularly, A driving means which makes said said 1st semiconductor laser or the 2nd 
semiconductor laser drive corresponding to a mark and a space of an input data signal, and generates light 
light and polarization crossed at right angles mutually from said 1st semiconductor laser or the 2nd 
semiconductor laser, 

A multiplexing machine which combines light outputted from said 1st semiconductor laser and said 2nd 
semiconductor laser, respectively is provided, 

A branching filter which divides polarization of light into which said optical radio set entered from said 
optical radio transmitter into the 1st polarization light that intersected perpendicularly mutually, and the 2nd 
polarization light, 

An optical radio communications system possessing a data signal regenerating section which acquires 
output data signals with which these 1st polarization lights and the 2nd polarization light are inputted, and a 
space is discriminated from a mark according to the direction of polarization. 
[Claim 2] 

Said driving means with a positive logic output and a ****** output of a transistor 
differential-current-switches circuit which changed current of a current source corresponding to a mark 
and a space of said input data signal. The optical radio communications system according to claim 1 
characterized by making it drive each of said 1 st semiconductor laser and said 2nd semiconductor laser. 
[Claim 3] 

Said data signal regenerating section, 

The 1st photo-diode that received said 1st polarization light and a positive power supply connected to the 
cathode, 

The 2nd photo-diode that received said 2nd polarization light and a negative power supply connected to the 
anode, 

An anode of said 1st photo-diode and a cathode of the 2nd photo-diode possess a current potential 
converter connected to the input part, 
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The optical radio communications system according to claim 1 detecting a difference of an output of an 
anode of the 1 st photo-diode, and an output of a cathode of the 2nd photo-diode. 
[Claim 4] 

A transmission section of said optical radio transmitter used for an optical radio communications system 
which performs radio using light between an optical radio transmitter and an optical radio set, 
The 1 st semiconductor laser, 

The 2nd semiconductor laser that has polarization of this 1st semiconductor laser, and the polarization 
which intersects perpendicularly, A driving means which makes said 1st semiconductor laser or the 2nd 
semiconductor laser drive corresponding to a mark and a space of an input data signal, and generates light 
light and polarization crossed at right angles mutually from said 1st semiconductor laser or the 2nd 
semiconductor laser, 

An optical radio transmitter possessing a multiplexing machine which combines light outputted from said 1st 
semiconductor laser and said 2nd semiconductor laser, respectively. 
[Claim 5] 

A transmission section of said optical aforementioned light radio receiver-transmitter used for an optical 
radio communications system which performs radio using light between optical radios receiver-transmitter, 
The 1st semiconductor laser, 

The 2nd semiconductor laser that has polarization of this 1st semiconductor laser, and the polarization 
which intersects perpendicularly, A driving means which makes said said 1st semiconductor laser or the 2nd 
semiconductor laser drive corresponding to a mark and a space of an input data signal, and generates light 
light and polarization crossed at right angles mutually from said 1st semiconductor laser or the 2nd 
semiconductor laser, 

A multiplexing machine which combines light outputted from said 1st semiconductor laser and said 2nd 

semiconductor laser, respectively is provided, 

A receive section of an optical radio receiver-transmitter, 

A branching filter which divides polarization of light which entered from an optical radio receiver-transmitter 
besides the above into the 1st polarization light that intersected perpendicularly mutually, and the 2nd 
polarization light, 

An optical radio receiver-transmitter possessing a data signal regenerating section which acquires an 
output TETA signal with which these 1st polarization lights and the 2nd polarization light are inputted, and a 
space is discriminated from a mark according to the direction of polarization. 
[Claim 6] 

While performing radio using light between the 1st optical radio receiver-transmitter and the 2nd optical 
radio receiver-transmitter, In an optical radio communications system with which said 1st optical 
transmitter receiver performs direction control to said 2nd optical transmitter receiver using a reflected 
wave by a light reflector formed in said 2nd optical transmitter receiver when transmitting to said 2nd 
optical transmitter receiver from said 1st optical transmitter receiver, 
Said 1 st optical radio receiver-transmitter 
The 1 st semiconductor laser, 

The 2nd semiconductor laser that has polarization of this 1st semiconductor laser, and the polarization 
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which intersects perpendicularly, With a positive logic output or a ****** output of a transistor 
differential-current-switches circuit which changed current of a variable current source corresponding to a 
mark and a space of said input data signal. A driving means which generates light modulated a current 
amount of said variable current source by a signal of predetermined frequency, and light and polarization 
crossed at right angles mutually while making said 1st semiconductor laser or the 2nd semiconductor laser 
drive from said 1st semiconductor laser or the 2nd semiconductor laser, 

A transmission section which consists of a multiplexing machine which combines light outputted from said 
1 st semiconductor laser and said 2nd semiconductor laser, respectively, 

A branching filter which divides catoptric light reflected from said 2nd optical transmitter receiver, and a 
reception beam from said 2nd optical transmitter receiver into the 1 st polarization light that intersected the 
polarization perpendicularly mutually, and the 2nd polarization light, respectively 

The 1 st photo-diode that received said 1 st polarization light and a positive power supply connected to the 
cathode, 

The 2nd photo-diode that received said 2nd polarization light and a negative power supply connected to the 
anode, 

A capacitor by which it was connected to an anode of said 2nd photo-diode, and an end was installed, 
A signal of an output of the 2nd current potential converter connected to an anode of said 2nd photo-diode 
and this 2nd current potential converter and said predetermined frequency is inputted, and a synchronous 
detector which carries out synchronous detection of an output of a current potential converter of these 2nd 
and the signal of said predetermined frequency is provided, 

An optical radio communications system performing direction control to said 2nd optical radio 
receiver-transmitter of said 1st optical radio receiver-transmitter so that a detection output of said 
synchronous detector may serve as the maximum. 
[Claim 7] 

The optical radio communications system according to claim 6, wherein a product of angular frequency of 
said specific low frequency signal and capacity of a capacitor is 0.02 or less. 
[Claim 8] 

The optical radio communications system according to claim 6, wherein said predetermined frequency of 
said 1st optical radio receiver-transmitter differs from said predetermined frequency of the 2nd optical 
radio receiver-transmitter which counters. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

When this invention transmits and receives a lightwave signal in free space, it relates to the POINTOTU 
point beam radio communications system, the optical radio receiver-transmitter, and the optical radio 
transmitter which cannot be easily influenced by background light noises, such as sunlight. 



4 



JP 2004-32461 

[0002] 

[Description of the Prior Art] 

Promising ** of the optical radio communications system which transmits and receives a lightwave signal 
via free space is carried out as a communications system in the field in which construction of an optical 
fiber etc. is difficult, and cannot use an electric wave. For example, in the field to which use of radio 
equipment, such as a hospital, is restricted, data communications can be easily performed between buildings, 
without performing large-scale construction of optical fiber construction etc. To use an electric wave, radio 
license is required, and companies or individuals other than a communication enterprise were not able to do 
data communications freely. However, in an optical radio communications system, there is an advantage 
which an individual and a company say can do data communications freely. 
[0003] 

[Problem(s) to be Solved by the Invention] 

As mentioned above, mutual data communications can be simply performed by installing one pair of optical 
radio receiver-transmitter. However, in the installed position of the optical radio receiver-transmitter, when 
the sun entered on one pair of extension wire of an optical radio-receiver-transmitter link, the time zone 
when data communications are impossible may have arisen. Therefore, there were restrictions that the 
installation direction that sunlight does not go into an optical radio receiver-transmitter had to be chosen, 
and an optical radio receiver-transmitter had to be installed conventionally. Or by carrying out the series 
connection of the circuit which arranged resistance in parallel to the photo detector for lightwave signals, 
and the photo detector for bias circuits, as shown in JP,10-107556,A, Although there were some sunlight 
carries out [ some ] influence mitigation by making high bias voltage which takes for a photo detector at the 
time of direct sunlight, such as sunlight, there was a fault to which circuitry becomes complicated. 
[0004] 

This invention was made in consideration of the point of losing restrictions of the installation direction of an 
optical radio receiver-transmitter, and even if there is background light noise by sunlight by easy 
composition, it tends to propose the optical radio communications system, the optical radio 
receiver-transmitter, and the optical radio transmitter which can perform data communications normally. 
[0005] 

[Means for Solving the Problem] 

To achieve the above objects, an optical radio communications system of this invention, In an optical radio 
communications system which performs radio using light between an optical radio transmitter and an optical 
radio set, said optical radio transmitter, The 1 st semiconductor laser and the 2nd semiconductor laser that 
has polarization of this 1st semiconductor laser, and the polarization which intersects perpendicularly, A 
driving means which makes said said 1st semiconductor laser or the 2nd semiconductor laser drive 
corresponding to a mark and a space of an input data signal, and generates light light and polarization 
crossed at right angles mutually from said 1st semiconductor laser or the 2nd semiconductor laser, From 
said 1st semiconductor laser and said 2nd semiconductor laser, provide a multiplexing machine which 
combines light outputted, respectively, and said optical radio set, A branching filter which divides 
polarization of light which entered from said optical radio transmitter into the 1 st polarization light that 
intersected perpendicularly mutually, and the 2nd polarization light, These 1st polarization lights and the 2nd 

5 



JP 2004-32461 

polarization light are inputted, and a data signal regenerating section which acquires output data signals with 
which a space is discriminated from a mark according to the direction of polarization is provided. 
[0006] 

While an optical radio communications system of this invention performs radio using light between the 1st 
optical radio receiver-transmitter and the 2nd optical radio receiver-transmitter, In an optical radio 
communications system with which said 1 st optical transmitter receiver performs direction control to said 
2nd optical transmitter receiver using a reflected wave by a light reflector formed in said 2nd optical 
transmitter receiver when transmitting to said 2nd optical transmitter receiver from said 1 st optical 
transmitter receiver, The 2nd semiconductor laser in which said 1st optical radio receiver-transmitter has 
polarization of the 1 st semiconductor laser and this 1 st semiconductor laser, and the polarization which 
intersects perpendicularly, With a positive logic output or a ****** output of a transistor 
differential-current-switches circuit which changed current of a variable current source corresponding to a 
mark and a space of said input data signal. While making said 1st semiconductor laser or the 2nd 
semiconductor laser drive, A driving means which generates light modulated a current amount of said 
variable current source by a signal of predetermined frequency, and light and polarization crossed at right 
angles mutually from said 1st semiconductor laser or the 2nd semiconductor laser, A transmission section 
which consists of a multiplexing machine which combines light outputted from said 1st semiconductor laser 
and said 2nd semiconductor laser, respectively, A branching filter which divides catoptric light reflected 
from said 2nd optical transmitter receiver, and a reception beam from said 2nd optical transmitter receiver 
into the 1st polarization light that intersected the polarization perpendicularly mutually, and the 2nd 
polarization light, respectively, The 1 st photo-diode that received said 1 st polarization light and a positive 
power supply connected to the cathode, The 2nd photo-diode that received said 2nd polarization light and a 
negative power supply connected to the anode, A capacitor by which it was connected to an anode of said 
2nd photo-diode, and an end was installed, The 2nd current potential converter connected to an anode of 
said 2nd photo-diode, A signal of an output of this 2nd current potential converter and said predetermined 
frequency is inputted, A synchronous detector which carries out synchronous detection of an output of a 
current potential converter of these 2nd and the signal of said predetermined frequency is provided, and 
direction control to said 2nd optical radio receiver-transmitter of said 1 st optical radio receiver-transmitter 
is performed so that a detection output of said synchronous detector may serve as the maximum. 
[0007] 

An optical radio transmitter of this invention is used for an optical radio communications system which 
performs radio using light between an optical radio transmitter and an optical radio set, and the transmission 
section The 1st semiconductor laser, The 2nd semiconductor laser that has polarization of this 1st 
semiconductor laser, and the polarization which intersects perpendicularly, A driving means which makes 
said 1 st semiconductor laser or the 2nd semiconductor laser drive corresponding to a mark and a space of 
an input data signal, and generates light light and polarization crossed at right angles mutually from said 1 st 
semiconductor laser or the 2nd semiconductor laser, A multiplexing machine which combines light outputted 
from said 1 st semiconductor laser and said 2nd semiconductor laser, respectively is provided. 
[0008] 

An optical radio receiver-transmitter of this invention is used for an optical radio communications system 
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which performs radio using light between optical radios receiver-transmitter, and the transmission section 
The 1st semiconductor laser, The 2nd semiconductor laser that has polarization of this 1st semiconductor 
laser, and the polarization which intersects perpendicularly, A driving means which makes said said 1 st 
semiconductor laser or the 2nd semiconductor laser drive corresponding to a mark and a space of an input 
data signal, and generates light light and polarization crossed at right angles mutually from said 1st 
semiconductor laser or the 2nd semiconductor laser, A multiplexing machine which combines light outputted 
from said 1 st semiconductor laser and said 2nd semiconductor laser, respectively is provided, A branching 
filter in which the receive section divides polarization of light which entered from an optical radio 
receiver-transmitter besides the above into the 1 st polarization light that intersected perpendicularly 
mutually, and the 2nd polarization light, These 1st polarization lights and the 2nd polarization light are 
inputted, and a data signal regenerating section which acquires an output TETA signal with which a space is 
discriminated from a mark according to the direction of polarization is provided. 
[0009] 

[Embodiment of the Invention] 
(A 1 st embodiment) 

Hereafter, a 1st embodiment concerning this invention is described using figures. Drawing 1 shows a 1st 

embodiment of the optical radio communications system of this invention. 

[0010] 

In drawing 1 , the 1st optical radio receiver-transmitter 100 and the 2nd optical radio receiver-transmitter 
200 comprise a transmission section (101,201) and a receive section (102,202), respectively, and the 1st 
optical radio receiver-transmitter 100 and the 2nd optical radio receiver-transmitter 200 are the same 
composition. The 1st optical radio receiver-transmitter 100 and the 2nd optical radio receiver-transmitter 
200 are arranged at the position which can perform optical radio and which countered, The 1st optical radio 
receiver-transmitter 100 and 2nd transmitter-receiver 200 are communicating mutually, and here explains 
them that they are performing optical radio to the 2nd optical radio receiver-transmitter 200 from the 1st 
optical radio receiver-transmitter 100. 
[0011] 

The data signal inputted into the transmission section 101 of the 1st optical radio receiver-transmitter 101 
is amplified with the buffer amplifier 1 -1 . It changes in the differential switching circuit which constitutes the 
current Ip of the current source 2-1 from the 1st bipolar transistor 3-1 and 2nd bipolar transistor 4-1 
according to the amplified data signal. That is, when the data signal inputted into the base of the 1st bipolar 
transistor 3-1 is 'H', the 1st bipolar transistor 3-1 is set to 'ON', and the 2nd bipolar transistor 4-1 serves 
as 'OFF. 
[0012] 

The 1st bias current source 7-1 that supplies bias current to the 1st cathode of the semiconductor laser 

5- 1 and 1st semiconductor laser 5-1 is connected to the collector of the 1st bipolar transistor 3-1. 
[0013] 

The 2nd bias current source 8-1 that supplies bias current to the 2nd cathode of the semiconductor laser 

6- 1 and 2nd semiconductor laser 6-1 is connected to the collector of the 2nd bipolar transistor 4-1. 
[0014] 

7 



JP 2004-32461 

The polarization outputted from the 1 st semiconductor laser considers it as a thing parallel to space, as 
shown in drawing 1 , and the polarization outputted from the 2nd semiconductor laser presupposes that it is 
vertical to space, as shown in drawing 1 . That is, the polarization outputted from the 1 st semiconductor 
laser and the polarization outputted from the 2nd semiconductor laser are in orthogonality relation. It 
multiplexs with the polarizing prism 9-1, and the outputted ray of two semiconductor lasers which intersect 
perpendicularly is sent out to the 2nd optical radio receiver-transmitter 200 as an output of the 1st optical 
radio receiver-transmitter 100. 
[0015] 

The 1st semiconductor laser 3-1 outputted by the polarization which intersects perpendicularly, and the 
2nd semiconductor laser 4-1 output light complementarity mutually with the data signal inputted into the 1 st 
optical radio receiver-transmitter. That is, when an input data signal is 'H', the 1 st bipolar transistor 3-1 is 
set to 'ON', and flows through the current Ip of the current source 2-1 into the 1st semiconductor laser, and 
light is outputted. At this time, the 2nd bipolar transistor 4-1 serves as 'OFF, and only current Ib2 of the 
2nd bias current source 8-1 is impressed to the 2nd semiconductor laser 6-1, and it becomes only bias 
emission. 
[0016] 

Next, when input data is 'L', it is set to 'OFF', and the 1st bipolar transistor 3-1 is set only to current Ib1 of 
the 1st bias current source 7-1, and becomes the 1st semiconductor laser 5-1 only with bias emission. On 
the other hand, the 2nd bipolar transistor 4-1 is set to 'ON', and flows through the current Ip of the current 
source 2-1 into the 2nd semiconductor laser 6-1, and light is outputted. 
[0017] 

As a result, the light of polarization parallel to space when the data inputted into the 1st optical transmitter 
100 is 'H' is outputted, the light of polarization vertical to space is outputted and the output of the polarizing 
prism 9-1 maintains orthogonality relation, when it is 'L'. 
[0018] 

It is outputted to space via the lens which is not illustrated, and is condensed with the lens which the 1st 
optical transmitter 1 00 and the 2nd optical radio receiver-transmitter 200 provided in the position which 
counters do not illustrate, and the optical signal outputted from the polarizing prism 9-1 is inputted into the 
receive section 202. 
[0019] 

The receive section 202 of the 2nd optical receiver 200 divides the optical signal from the 1st optical 
transmitter 100 into the polarization which intersects perpendicularly with the polarized-wave-separation 
prism 10-2. The light of polarization level in space goes straight on, and is inputted into the 1 st photo-diode 
11-2. On the other hand, it reflects and the light of polarization vertical to space is inputted into the 2nd 
photo-diode 12-2. 
[0020] 

The cathode of the 1st photo-diode 1 1-2 is connected to the positive power supply 13-2. The anode of the 
2nd photo-diode 1 2-2 is connected to the negative power supply 1 4-2. The anode of the 1 st photo-diode 
11-2 and the cathode of the 2nd photo-diode 12-2 are connected to the input of the current potential 
converter 15-2. 
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[0021] 

If light with large photoelectrical power of polarization parallel to space inputs into the receive section 22-1 
of the 2nd optical radio receiver-transmitter 200 as compared with the photoelectrical power of polarization 
vertical to space, the photoelectric current of the 1st photo-diode 11-2 will become larger than the 
photoelectric current of the 2nd photo-diode 1 2-2. This photoelectric current flows into the input side of 
the current potential converter 1 5-2, and voltage is outputted to the output side of the current potential 
converter 1 5-2. 
[0022] 

On the contrary, if light with the larger photoelectrical power of polarization vertical to space inputs into the 
receive section 22-1 of the 2nd optical radio receiver-transmitter 200 as compared with the photoelectrical 
power of polarization level in space, the photoelectric current of the 2nd photo-diode 12-2 will become 
larger than the photoelectric current of the 1st photo-diode 11-2. Polar voltage with this photoelectric 
current contrary to the above-mentioned to the output of outflow and a current potential converter from 
the input side of the current potential converter 1 5-2 is outputted. 
[0023] 

The optical signal outputted from the 1 st optical radio receiver-transmitter 1 00 serves as polarization which 
was parallel to space, when the data signal inputted into the 1st optical radio receiver-transmitter 100 is 'H', 
and in 'L', it becomes polarization vertical to space. Since the outputted optical signal is transmitted in 
space, a polarized wave state does not change like the propagation in an optical fiber. Therefore, if the data 
of 'H' is inputted into the 1st optical radio receiver-transmitter 100, in the 2nd optical radio 
receiver-transmitter 200, the optical signal of polarization parallel to space will be inputted. In the 2nd 
optical radio receiver-transmitter, the photoelectric current from the 1st photo-diode 11-2 becomes 
dominant, photoelectric current flows into the input side of the current potential converter 15-2, and the 
output of the current potential converter 1 5-2 is set to 'H'. 
[0024] 

On the other hand, if the data of V is inputted into the 1st optical radio receiver-transmitter 100, the 
optical signal of polarization vertical to space will be outputted from the 1st optical radio 
receiver-transmitter 100. The photoelectric current from the 2nd photo-diode 12-2 as which the optical 
signal of polarization vertical to space is inputted into the 2nd optical radio receiver-transmitter 200 
becomes dominant, and, in photoelectric current, the output of outflow and the current potential converter 
1 5-2 becomes 'L' from the input side of the current potential converter 1 5-2. 
[0025] 

As shown above, in the 2nd optical radio receiver-transmitter 200, the data signal corresponding to the 

input data of the 1st optical radio receiver-transmitter 100 will be outputted. 

[0026] 

Here, various background lights other than the optical signal outputted from the 1 st optical transmitter 1 00 
are inputted into the 2nd optical radio receiver-transmitter 200. The case where power flux density is most 
inputted into the 2nd optical radio receiver-transmitter 200 in background light simultaneously with the 
output signal light of the 1st optical radio receiver-transmitter of opposite of the sunlight which poses a 
problem highly is considered. 
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[0027] 

The optical signal inputted into the 2nd optical radio receiver-transmitter 200 is separated into the optical 
signal of polarization parallel to space, and the optical signal of polarization vertical to space by the 
polarized-wave-separation prism 1 0-2. The optical signal from the 1 st optical radio receiver-transmitter 
100 that counters changes vertically with polarization being level depending on the data signal inputted into 
the 1 st optical radio receiver-transmitter 1 00, as mentioned above. On the other hand, it is [ lights /, such 
as sunlight, / background ] random in a polarization direction. 
[0028] 

Therefore, the background photoelectrical power of two polarization separated by the 
polarized-wave-separation prism 10-2 is divided into two. Background lights, such as sunlight divided into 
two, are inputted into the 1st photo-diode 11-2 and 2nd photo-diode 12-2, respectively. When the electric 
power of the background light divided into two is almost equal, the photoelectric current by the background 
light which flows into the 1 st photo-diode 11-2, and the photoelectric current by the background light which 
flows into the 2nd photo-diode 1 2-2 become almost equal. As a result, the photoelectric current which 
flows into the input side of the current potential converter 1 5-2 denies and suits, and the voltage by 
background light is not outputted. 
[0029] 

Therefore, the 2nd optical radio receiver-transmitter 200 becomes possible [ outputting the voltage which 
follows an optical signal without being influenced by background light ], also when background light is 
contained in the optical signal. 
[0030] 

When it is a case where the data signal inputted into the 1st optical radio receiver-transmitter 100 is 'H', 
and 'L', the direction of the input current of the current potential converter 15-2 of the 2nd optical radio 
receiver-transmitter 200 turns into an opposite direction mutually. That is, reverse polarity voltage can be 
outputted for the output of the current potential converter 1 5-2. For this reason, it becomes possible to 
constitute the output from the receive section 202 of the 2nd optical radio receiver-transmitter 200 from 
an AC coupling, constituting the 2nd optical radio receiver-transmitter 200 from an AC coupling — 
extensive — an optical dynamic range radio receiver-transmitter is realizable. 
[0031] 

Here, when the data inputted into the 1st optical radio receiver-transmitter 100 was 'H', the 1st optical 
radio receiver-transmitter 100 outputted the polarization light parallel to space, and the example which 
outputs 'H' in the 2nd optical receiver 200 when a polarization light parallel to space is received was shown. 
The relation between data and polarization is a mere example, and various modifications are considered like 
polarization parallel in 'L'. The example of being vertical to parallel was shown in space about polarization. 
However, as long as the polarization outputted from the 1 st optical radio receiver-transmitter 1 00 is in 
orthogonality relation, any may be sufficient as it 
[0032] 

The combination of a right-handed-rotation circular polarization and a left-handed-rotation circular 
polarization may be sufficient by inserting 1/4 wavelength plate etc. in the output of the transmission 
section 101 of the 1st optical radio receiver-transmitter 100. In this case, after inserting 1/4 wavelength 
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plate in the input of the receive section 202 of the 2nd optical radio receiver-transmitter 200 that counters 
and returning to a linearly polarized wave, it is possible to separate polarization by 
polarized-wave-separation prism. 
[0033] 

The 1st optical transmitter 100 showed the example which switches the current sent through two 
semiconductor lasers with the differential current switches of a bipolar transistor. Differential current 
switches may consist of pairs of a field effect transistor. 
[0034] 

The embodiment shown in drawing 1 showed the example which changes the current of the current source 
2-1 with differential current switches. However, as long as it is the composition that two semiconductor 
lasers are operated complementarily, it may be what kind of circuitry. 
[0035] 

Although the above explained performing optical radio to the 2nd optical radio receiver-transmitter 200 
from the 1 st optical radio receiver-transmitter 1 00, Optical radio to the 1 st optical radio 
receiver-transmitter 1 00 is similarly performed from the 2nd optical radio receiver-transmitter 200, and the 
1st optical radio receiver-transmitter 100 and 2nd transmitter-receiver 200 can communicate mutually. 
[0036] 

that is, To the transmission section 22-1 of the 2nd optical radio receiver-transmitter 200, input data. When 
it inputs, the transmission section 22-1. The buffer amplifier 1-2, the current source 2-2, the 1st bipolar 
transistor 3-2, the 2nd bipolar transistor 4-2, the 1 st semiconductor laser 5-2, the 2nd semiconductor laser 
6-2, the 1 st bias current source 7-2, the 2nd bias current source 8-2 to constitute, It sends out as an 
optical signal with the polarization which intersected perpendicularly with the polarizing prism 9-2, This 
optical signal is received in the receive section 101 of the 1st optical radio receiver-transmitter 100. 
Received data can be obtained with the polarized light separation prism 12-1, the 1st photo-diode 11-1, the 
2nd photo-diode 12-1, the positive power supply 13-1, the negative power supply 14-1, and the current 
potential converter 15-1 which constitute the receive section 101. 
(A 2nd embodiment) 

Next, the optical radio communications system concerning a 2nd embodiment of this invention is explained. 
Drawing 2 is a figure showing the composition of the optical radio receiver-transmitter concerning a 2nd 
embodiment. 
[0037] 

In drawing 2 , the 1st optical radio receiver-transmitter 300 and the 2nd optical radio receiver-transmitter 
400 comprise a transmission section (301,401) and a receive section (302,402), respectively, and the 1st 
optical radio receiver-transmitter 300 and the 2nd optical radio receiver-transmitter 400 are the same 
composition. The 1 st optical radio receiver-transmitter 300 and the 2nd optical radio receiver-transmitter 
400 are arranged at the position which can perform optical radio and which countered, and the 1 st optical 
radio receiver-transmitter 300 and 2nd transmitter-receiver 400 are communicating mutually. 
[0038] 

The 1st optical radio receiver-transmitter 300 and 2nd transmitter-receiver 400 have the light reflector 51 
as shown in drawing 3 , If the Idemitsu part 52 which sends out an optical signal, and the light sensing portion 
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53 which receives an optical signal are formed near the light reflector 51 and the 1st optical radio 
receiver-transmitter 300 sends out an optical signal to the 2nd transmitter-receiver 400 from the Idemitsu 
part 52, A part of optical signal was received by the light sensing portion 53, it reflected in the light reflector 
51, and returned to the 1st optical radio receiver-transmitter 300 as catoptric light, and, as for the part, the 
1 st optical receiver 300 and 2nd optical receiver 400 have taken tracking by this returned light. 
[0039] 

Drawing 2 describes the case where optical radio to the 2nd optical radio receiver-transmitter 400 is being 

performed from the 1 st transmitter-receiver 300. 

[0040] 

The 1 st optical radio receiver-transmitter 300 and the 2nd optical radio receiver-transmitter which were 
shown in drawing 2 , Buffer amplifier (21-1,21-2), the 1st bipolar transistor (23-1,23-2), The 2nd bipolar 
transistor (24-1,24-2), the 1st semiconductor laser (25-1,25-2), The 2nd semiconductor laser (26-1,26-2), 
the 1 st bias current source (27-1 ,27-2), The 2nd bias current source (28-1 ,28-2), a polarizing prism 
(29-1,29-2), A polarized light separation prism (30-1,30-2), the 1st photo-diode (31-1,31-2), The 2nd 
photo-diode (32-1 ,32-2), a positive power supply (33-1 ,33-2), and the 1 st current potential converter 
(35-1 ,35-2), The buffer amplifier of the 1 st optical radio receiver-transmitter 1 00 of a 1 st embodiment, and 
the 2nd optical radio receiver-transmitter 200 shown in drawing 1 (1-1,1-2), The 1st bipolar transistor 
(3-1,3-2), the 2nd bipolar transistor (4-1,4-2), The 1st semiconductor laser (5-1,5-2), the 2nd 
semiconductor laser (6-1 ,6-2), the 1 st bias current source (7-1 ,7-2), the 2nd bias current source (8-1 ,8-2). 
A polarizing prism (9-1,9-2), a polarized light separation prism (10-1,10-2), Since it is the same as that of 
the 1st photo-diode (1 1-1,1 1-2), the 2nd photo-diode (12-1,12-2), a positive power supply (13-1,13-2), and 
a current potential converter (15-1,15-2) substantially, detailed explanation of operation is omitted here. 
[0041] 

The point of difference between the optical radio receiver-transmitter of a 2nd embodiment, and the optical 
radio receiver-transmitter of a 1 st embodiment, The current value Ip of the variable current source 
(22-1,22-2) of the differential current switches constituted from the 1st bipolar transistor (23-1,23-2) and 
2nd bipolar transistor (24-1,24-2), The 2nd current potential converter (36-1,36-2) and capacitor 
(39-1,39-2) are connected to the anode side of the point and the 2nd photo-diode (32-1,32-2) which may 
be changed in the shape of a sine by the source of a low frequency signal (27-1 ,27-2), It is the point that the 
output signal of the source of a low frequency signal (27-1 ,27-2) and the 2nd current potential converter 
(36-1,36-2) is supplied to the synchronous detector (38-1,38-2). 
[0042] 

In the transmission section 301 of the 1st optical radio receiver-transmitter 300, the output current value 
of the variable current source 22-1 receives abnormal conditions on the amplitude and frequency which are 
outputted from the source 37-1 of a low frequency signal. By change of the current value Ip of this variable 
current source 22-1, as the 1st semiconductor laser 25-1 and 2nd semiconductor laser 26-1 are shown in 
drawing 4 , the intensity modulation of a low frequency wave is made. 
[0043] 

It is multiplexed and two semiconductor laser beams which intersect perpendicularly with the polarizing 
prism 29-1 are outputted into the atmosphere via the lens which is not illustrated as an optical signal from 
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the transmission section 301 of the 1st optical radio receiver-transmitter 300. 
[0044] 

The optical signal outputted into the atmosphere reaches the 2nd optical radio receiver-transmitter 400 

that counters. 

[0045] 

A part is reflected by the light reflector 501 formed in the 2nd optical radio receiver-transmitter 400, and 
the sent-out optical signal returns to the 1st optical radio receiver-transmitter 300 again. This catoptric 
light is used for the tracking of the 1st optical radio receiver-transmitter 300 and the 2nd optical radio 
receiver-transmitter 400 as mentioned above. 
[0046] 

Next, operation of the receive section 302 of the 1 st optical radio receiver-transmitter 300 is shown. In the 
receive section 302, the catoptric light from the 2nd optical radio receiver-transmitter 400 mentioned above 
and the optical signal sent out from the sending part 401 of the 2nd optical radio receiver- transmitter 400 
are received simultaneously. The optical signal sent out from the sending part 401 of this 2nd optical radio 
receiver- transmitter 400 is sent out as an optical signal with the polarization which intersected 
perpendicularly the TETA signal inputted into the sending part 401 like the sending part 301 of the 1st 
optical radio receiver-transmitter 300 mentioned above. 
[0047] 

In the receive section 301 of the 1st optical radio receiver-transmitter 300, the catoptric light reflected with 
the 2nd optical radio receiver-transmitter 400 is received as feeble light, and, on the other hand, the optical 
signal sent out from the 2nd optical radio receiver-transmitter 300 enters strongly. 
[0048] 

The catoptric light which arrived at the receive section 302 of the 1 st optical radio receiver-transmitter 300 
is divided into cross polarization via the polarized-wave-separation prism 30-1. The light of polarization 
parallel to the separated space is changed into photoelectric current with the 1st photo-diode 31-1. The 
light of polarization vertical to the separated space is changed into photoelectric current with the 2nd 
photo-diode 32-1 . 
[0049] 

As shown in drawing 4 , the light of both the polarization that transmitted from the 1st optical radio 
receiver-transmitter 300 has received intensity modulation with the low frequency signal, and catoptric light 
has received intensity modulation with the low frequency signal similarly. 
[0050] 

Therefore, the signal current which received intensity modulation by the low frequency wave is inputted into 
the 2nd current potential converter 36-1 as current in phase. Since the photoelectric current changed into 
current with the 2nd photo-diode 32-1 contains many high frequency components at this time, it flows into 
the earth side by the capacitor 39-1 . 
[0051] 

At this time, it is good for the product of the angular frequency of a low frequency signal and the capacity of 
the capacitor 39-1 to set or less to 0.02. This is for making it more than half of the signal current and 
photoelectric current which received abnormal conditions by the low frequency wave flow into the 2nd 
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current repeater 36-1, when the input impedance of the 2nd direct current transducer 36-1 considers 50 

ohms. 

[0052] 

The optical signal which the 2nd optical radio receiver-transmitter 400 inputted into the receive section 302 
of the 1st optical radio receiver-transmitter 300 sent out is divided into cross polarization via the 
polarized-wave-separation prism 30-1 like the above. 
[0053] 

According to the polarization of an optical signal, the signal of positive/ negative is outputted by the 1 st 
photo-diode 31-1, the 2nd photo-diode 32-1, and the 1st current potential converter 35-1 like [ data signal 
/ which the 2nd optical radio receiver-transmitter 400 sent out ] a 1 st embodiment, and it can take out as 
a data signal. 
[0054] 

About the low frequency signal in phase which the 2nd optical radio receiver-transmitter 400 sent out, it 
inputs into the 2nd current potential converter 36-1 simultaneously with the low frequency signal of 
catoptric light in phase. That is, two spectral components, the low frequency signal of the reflected wave by 
the 2nd optical radio receiver-transmitter 400 and the low frequency signal which the 2nd optical radio 
receiver-transmitter 400 emits, exist in the output voltage signal of the 2nd current potential converter 
36-1. 
[0055] 

Here by changing the low frequency signal frequency of the 1st optical radio receiver-transmitter 300 of a 
local station, and the low frequency signal frequency of the 2nd optical radio receiver-transmitter 400 
beforehand, Synchronous detection of the output signal of the 2nd current potential converter 36-1 and the 
output signal of the source 37-1 of a low frequency signal is carried out with the synchronous detector 38-1 , 
only the low frequency signal frequency component of the reflected wave of the 1 st optical radio 
receiver-transmitter 300 is extracted selectively, and it becomes possible to acquire a tracking signal. 
[0056] 

Therefore, as the frequency component of a reflected wave serves as the maximum, automatic tracking 
becomes possible by controlling the direction over the 2nd optical radio receiver-transmitter 400 of the 1st 
optical radio receiver-transmitter 300. 
[0057] 

Here, the light reflector 51 can use the light reflector etc. which are popularly called the cat's-eye currently 

installed in the road. 

[0058] 

Although the low frequency signal frequency component of the 1st optical radio receiver-transmitter 300 is 
extracted selectively, a band pass filter is provided in 36 to current potential converter 1 inside of the 2nd, 
and it may be made to extract the low-frequency component of the 1 st optical radio receiver-transmitter 
300 beforehand with the synchronous detector 38-1 . 
[0059] 

Although the frequency of a low frequency signal is changed with the 1st optical radio receiver-transmitter 
300 and the 2nd optical radio receiver-transmitter 400, it is good also considering the frequency of the 1 st 
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optical radio receiver-transmitter 300 and the 2nd optical radio receiver-transmitter 400 as a relatively 

prime relation so that harmonic content may leak mutually and may not be crowded. 

[0060] 

As for low frequency signal frequency, it is also important for tracking control that it is hard to be influenced 
by sunlight as frequency higher than the frequency component (refer to near 2Mz and drawing 5 of 
JP.7-183849.A) which sunlight has. 
[0061] 

Although the above-mentioned embodiment explained the example of the optical 

radio-transmission-and-reception device in which both transmission and reception are possible with both 
the transmission section and the receive section, it is also possible to constitute the optical radio 
transmitter and the optical radio set which have one of the transmission sections or receive sections of the 
above-mentioned embodiment, and perform operation [ which / of transmission or reception ]. 
[0062] 

[Effect of the Invention] 

As explained above, according to this invention, when a polarization direction carries out the abnormal 
conditions which carried out orthogonality relation mutually to a data signal and transmits to it, it becomes 
possible to provide the optical radio communications system which is not influenced by strong background 
lights, such as sunlight. 
[Brief Description of the Drawings] 

[Drawing 1]T he figure showing the optical radio receiver-transmitter concerning a 1st embodiment of this 
invention 

[Drawing 2] The figure showing the optical radio receiver-transmitter concerning other embodiments of this 
invention 

[Drawing 3]T he figure showing the light reflector concerning other embodiments of this invention 
[Drawing 4]T he figure explaining the lightwave signal sent out from the optical radio receiver-transmitter 
concerning other embodiments of this invention 



[Description of 


Notations] 


1-1, 1-2, 21-1, 


21-2 .. 


.. Buffer amplifier 


2-1, 2-2, 22-1, 


22-2 .. 


.. Current source 


3-1, 3-2, 23-1, 


23-2 .. 


.. The 1st bipolar transistor 


4-1,4-2, 24-1, 


24-2 .. 


.. The 2nd bipolar transistor 


5-1, 5-2, 25-1, 


25-2 .. 


.. The 1 st semiconductor laser 


6-1, 6-2, 26-1, 


26-2 .. 


.. The 2nd semiconductor laser 


7-1, 7-2, 27-1, 


27-2 .. 


.. The 1 st bias current source 


8-1, 8-2, 28-1, 


28-2 .. 


.. The 2nd bias current source, 


9-1, 9-2, 29-1, 


29-2 .. 


.. Polarizing prism 



10- 1, 10-2, 30-1, 30-2 .. Polarized light separation prism 

11- 1, 11-2, 31-1, 31-2 .. The 1st photo-diode 

12- 1, 12-2, 32-1, 32-2 .. The 2nd photo-diode 

13- 1, 13-2, 33-1, 33-2 .. Positive power supply 
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14- 1, 14-2, 34-1, 34-2 .. Negative power supply 

15- 1, 15-2, 35-1, 35-2 .. Current potential converter 

36- 1, 36-2 The 2nd current potential converter 

37- 1 , 37-2 The source of a low frequency signal 

38- 1 , 38-2 Phase comparator 

39- 1, 39-2 Capacitor 

51 Light reflector 

1 00, 300 The 1 st optical radio receiver-transmitter 

101, 201, 301, 401 .... Sending part 

102, 202, 302, 402 .... Receive section 

200, 400 The 2nd optical radio receiver-transmitter 



[Translation done.] 
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, *«««2-io«a[iptt, »io*«it#u-ifK«En«^ffi*sns„ corn, %2 

0/U#-5h5>*;x*4-lS 'OFF* £ ft *K ®2©^#«cU-if6-l{C{4^ 
20;U7X1SM8 - 1 ©iSl b2©#B1*aStU ^-^XfgftC^fcftSo 
[0016] 

6 , A 77 x - # ' L ' © # , |l®;W#-7h7>^xn-l^' OFF' fc 

gl©^i*^-f 5 - 1 (CB, ^l©/W7Xlfig7-l©lSl b 
ft?), 7 X a -2f, |20;W#-7h7>->*XM-ltf' ON' 

ft D . ttffiffi 2 - I ©«r^ I ptis »2©¥*f*U-1f6-lfc»ft3fctfflfcSftSo 
[0017] 

fl3t-/'JXi»9-10ffl*ttSlfl)3iejKi«l 0 0CX*ftl5f-i»^, ' 

H' ©*£fc(4, «ffifc¥ff©«»o«*W**n, ' L ' ©«£•£«, Mfciiil©{i 

[00 1 8 ] 

A ft r u x a 9 - 1 *p & to 73 2 n it mmt a , H^Lftv^yx*^LTfflmucaj^*n 

* H 1 ©ft&M 1 00fcWifii-raffilIK:fitf6nfc«2©3 , fi*«laSSSfl»200OH^ 
L4^U>XiCi0*)tJnfiS 2 0 2 IC A *J £ ft 5 o 
[00 1 9 ] 

IfS 2 ©ft^M 2 0 0 ©SffitSP 2 0 2li, ll ©ft&flU 10 0i' & © fit ^ ft * <g & # ftE 
"X 'J X A l 0 - 2 fc <£ 0 V 5c f <5 II M ic ft m t % o ttfflffc7K¥oaitt03ieH:«JtLT, us 

i©7*f2V*-fi 1 - 2 (cA*?n§ 0 -?5. m tc 11 a © fi $ © ft & , kmlx 

|Z07*h^*-Fl 2-2taj]JftSo 
[ 0 0 2 0 ] 

iio7th^^t~Fi 1 - 2 © a v - f it je © « s 1 3 - 2 izmm-z 0 & Tc , 

207^h^"Yt-Fl 2-2©7/-FSifl©Ml 4-2fCj$iffi;£ft3o £ £ £ x H 
107* l-2©7y-Fi:^2©7^-F^-r^-Fl 2-2©* V-F 

i:ttM«J±Mg§l 5-20A7jES«SnTV^o 
[ 0 0 2 1 ] 

lS2©ftM£§M2 0 0 ©SfMSS 2 2 - 1 Kttffifc£ifift««©ttm#fi:Jt«U » 
ffiK¥frftfii&©ft»:fctf*#V^#A*I-rS£, |1070^^t-Fl 1 - 2 © ft 
t(Stt^2 07* h^^t-F 1 2-2©ft*^J;t>A£<ft3o £©ft«MMHI± 
5 - 2 ©A^flJ«n&&, *M*JIS«6S1 5 - 2 © tHrtttfCMffitfttt* £ n 

5 D 

[ 0 0 2 2 ] 

astc* mz <Dytmmm^mm 200 ©^^^2 2 - 1 tcmm£*¥&m&(oytntiKitii 
L , lffil:ifiSIi!li07tf/jo^*^f ^«^A/jt5t, |2 07tF^>f*-Fi 

2 - 2 ©ftMtt, Sl©7* F^-ft - F 1 l-2©^*^cfcf9A#<ft?»o £©ft« 

nwim&^mm 1 s - 2 © a*«^ s^nm t, «^tti±Ms§© toTjtfcu m$ 
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[ 0 0 2 3 ] 

ni©ft Muslim o o *»6 aj**na®#«tt» i ^^iisfius i ookaa 
fa?*- h ' (Dmsttmrnt^ftLrcmmtrj: o , 1 l • ©^^mmis 

ft "TSCfctt&V'o Ife^ot, SlO)fe»iSflil 0 0(C' H ' Ox 

-^tfXAihSi, £2©tt&«ijggM«2 o 0T*tt«ififc¥fT*««©ff5fttfA2j 
wtst), i 5 - 2 oA^flKc^iaiJS^ainii*, umiimsi 5- 

2 © tti * # ' H ' 
[ 0 0 2 4 ] 

- -ft , ^lOflllSISl 001C L ' Of-^'A^jnSfc, IS 1 © ft M S § 
fgil 1 0 0*>6«I£f IftfiiSOjlf )ttf (U^Jh«, ^2©ftMas^f§«2 0 0fC 

i ifitfjEW o , mmmf±%&m i 5 - 2 <o\tiWfrt>%%m&mniti «me 

[ 0 0 2 5 ] 

W±ic * Lfe<fc a ic, !£2©ftM)£§M2oo?{±igi©ftM3£gfl«i 0 0 © a 

[ 0 0 2 6 ] 
[ 0 0 2 7 ] 

»2o««i*S6ftffl«2oo{cx**nafi^3tH:, o-2ia^t 

ttffite¥fTfcflii!S©«#ftfc , M{cSift&{I^©jg^ftK#PSft£n3 0 ttfatSSgl© 
ftMi£3HI$n 00fr6Oflf«tt, ±$ Lfc<fc 9 tc, sei©ftjfc«lg£fg«l 0 0 fc 
A^SnSx-^«#fcflc^UT^K^7j<^fcMiStc«ffrSo -7?, *»#*£©«* 

ft tt mmx fa # ? y # a v& .« 0 

[ 0 0 2 8 ] 

«stts„ 2ofc#**nfc *»#*£©«*# »i©7*h^>r*-hM 1 - 2 1 

tfliff^L^i&Ktt, »l©7*hif>r*-hM 1 - 2 tC flft ft § a ft fC «fc § ft If jffi 

*, nMEEMgsi 5 - 2 © A*«K»A-r*^*aftffr*ffi l*v^ t? a # t * * m 

[ 0 0 2 9 ] 

LfetfsT, »2©3t^«SSSfll« 200a:fll93tfc»*31fitf^SnT^S*^li:t, » 
[ 0 0 3 0 ] 

£fc* $ 1 ©ftM2s§{§« 1 0 0 IC A*tSf-ff§^' H' ©tJ§^£' L ' ©«£ 
3! 2 ©ft M ft $1 2 0 0 ©M«/±M§§ 1 5-2©A±/«gt©77l^^SVMC^ 

^•^j^*§ 0 -rfcfcts, tifiiffsssi 5 - 2 ©m**is»ffitt*ffi*ai^-rs«fc a tci? 

n o C©fctf>, *2©#J»lftS«fili 2 0 0 ©Sfi» 2 0 2fr6©tflrt*a«IS£T#l 
[ 0 0 3 l ] 

cilT, ^l«*iil§fil 00!^A^t§f-^^^ , H' ©«&£, JJ5 l ©tt&S 
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m%mmi o o &ffimiz¥ft%®mKzm l f}L, m 2 oyt^mm 2 0 0 vtt. mmtcyff 

f»c»LT, msiBK^ff tasrfcv^w^^bft. l^l, $ 1 ©^m^sm 1 0 
0 p, m *j * ft § m as (± , it$Bii«K*fttf^ft-efesv'»o 

[ 0 0 3 2 ] 

* c ^ t * 0 e 0 1) pg flis fc £ m 0 pa « « © e * ^ t» t t a v> o c © ^ £ , winj-rsn 

2©7 1 i:M£§{Stl2 0 0 ©SfiSB 2 0 2 0XAt 4»fl 1 »SjS*»XlT, it If ifi K 
[ 0 0 3 3 ] 

[ 0 0 3 4 ] 

[ 0 0 3 5 ] 

tt±t4, sg i ©ftatnassfua i 00*^12 ©*&«&gm«i 2 o o tent zxmmm 
mttft -3 t^s c t \z-o^xmw Ltctf, m 2 oytmmm^mm 2 oo^6sio«n 

[ 0 0 3 6 ] 

»2 2-l*|f8t«/^7T7>^l-2, * ME WL 2 - 2 , SlC/HI-n^^ 
X £ 3 - 2 , l2C/W*-7l>7y^X^-2, gHO*|fl!l/-1f5-2, 120 
l^-+F 6 - 2 , ^ 1 «^W7XlSl7-2, S2©>W7Xtig«8-2, fg ft 

ISSSiil 0 0 ©§Hgg|S 1 0 n?S)tlTSi»l 0 UiStSIK^I^'JXi. 
12-1, SBl©7*h^>r*-Kl 1 - 1 > |2©70^^t-Kl 2-1, IE©* 
« 1 3 — 1 . &<Dmm 14-1, M*£Ei!M 1 5 - 1 «fc 0 §lf-^f^ Cttf 

(» 2 ©£ffi©JBIB) 

2©n«sojg«ifc{ss)tiR«iSiS^«©*fiR*^-rBn?**„ 

[ 0 0 3 7 ] 

H2fcfe^T»l®3tt»«l36Sffl1i3 0 QRXfm2<DKmmm&m®4 0 0 te^ft^ftg 

e» o o 1 . 401) tfias (302, 4 o z) kfrzmmzti, m i vxmmm& 

fli 3 0 0 t^2©)tiil§ii 4 0 0 (i|5li&liT^§ o S 6fc, SB 1 ©ftfc*S& 
SM3 0 0 tig 2 OjfelSlfi« 4 0 0 fcttttfc»iiMtfff*«2*lRlLfc{i[Hfz:e« 
£ft, » l 03t^lK2ISM« 3 0 0 fc«2©2S«ft« 4 0 0 £M:ffiSlcfflSfe:afl*ffo 

[ 0 0 3 8 ] 

S fc, « 1 <DXMM&%m® 3 0 0 m 2 Olffi 4 0 0 itm 3 K^-r J; 5 5 

§ m 5 3 * » w- , mi ©y£M«sisma3 oo^i2©i§ m m4 o o^w^^s 2 ^ 

£M#Mi£th <TS t, Mft©-»a£tt» 5 3 fC cfc 0 gfSSft, -»-fctfi#« 5 1 
S*ftTS*f^fcLTSl©JtSftl8SS^a3OOfe:M0, L©I0«CJ;f)|lO)t§ 
IS S3 0 0fc^2O)t§iS 4 0 0 tlih77 + >y«i:oT^S, 



[ 0 0 3 9 ] 

i2t'(iii ©ssm« 3 o q z m 2 <d K&Mm^mm a o oictt-rsft&siingfcfr 

[ 0 0 4 0 ] 

12CiLftil ©t"i:M3I§M3 0 0Ktflfi!2©7\:M3!§fI«f3:, >% >y 7 T 7 y 7 
(2 1-1, 2 1- 2), Il©/W^-7f7V'>'X^ ( 2 3 - 1, 2 3 - 2 ), 1 2 
O^HI-7h7y->"X^ ( 2 4 - 1, 2 4 - 2 ), C^f #l/~f (2 5-1, 2 

5-2) , m 2 <D¥mfols-*f (26-1, 26-2) , HI 1 CD ;W7XtSI (2 7- 
1 , 27-2) , 12 ©/W7XSM (28-1, 28-2), (Ift7'J XA (2 9- 
1, 29-2) , ffiftftm7V X A (30-1, 30-2) , H!l©7*h^*-K ( 10 
31-1, 3 1- 2) , 35 2 © 7 * b #V * - F (32-1, 32-2),IE©M(3 
3-1, 33-2) , fgl©WMl±Mg§ (35-1, 35-2) it , H 1 {C ^ L 7c 
1 ©Hj&g©M©Sg 1 ©ftM&Sfiil 1 0 O&tffg 2 ©ftMSt^M 2 0 0 ©^>y 7 
7 7 > 7 (1-1, 1-2) \ »lO;W*-7h7>fXii (3-1, 3-2) , S2 
0/WsK-9h5y5>** (4-1, 4-2) , m 1 <D¥-mW\s~*f (5-1, 5-2) 
, % 2 <D¥mWU-*f (6-1, 6-2) , f 10;W7XfIg (7-1, 7-2), 
S2©/W7X«i*S (8-1, 8-2) , IJ£7*'JXi (9-1, 9-2) , fl ft # » 
7 U X A ( 1 0 - 1 , 10-2) , Sl©7tF^*-F (11-1, 1 1 - 2 ) , f? 

207*h^-r^--H (i 2-i, i 2-2) , mo mm ( 1 3 - 1 , 1 3-2) , « % 
«ffia*i«(i5-i, 1 5 - 2 ) tnMWfci^^T*s5fci6s c c r-itm^omm^m 20 

[ 0 0 4 1 ] 

mo/W*-7h7y;^* ( 2 3 - 1, 23-2) t|20/W^-7h7y^X^ 
(2 4-1, 2 4- 2)?Mt-SM1^^7^>y^©^MM(2 2- l, 2 2- 2 
) OISBI p*<, (27-1, 27-2) K<fcoTIE&ttfc:S ft £ # f# £ 

^tS2070^^t-F (32-1, 32-2) 07/-Kffl8fc:®2©«»f*ESeift 

5 ( 3 6 - 1, 36-2) tnyfyv (39-1, 3 9- 2)tffifttSfU'ffijaSte5 
I ( 2 7 - 1, 27-2) RVWi 2 © « fti ft E ^ M ( 3 6 - 1, 3 6 - 2 ) OttlTjM^ 
tfPHflHftSfcSOS-l. 3 8 - 2 ) (Ci^Snn^jSt'SSo 30 

[ 0 0 4 2 ] 

is i ©ft&n&sfia 300 cD^fagp 3 o i Tit. &mmm%n 37-1^5 wtj-tss 

M £ /SI % ft 7 oJ & II ffi. M 2 2 - 1 otortMtttfgflfcgW-So c©nJMM2 2 - 1 
© « ffi 41 I p © 3£ ft fC £ D , m 1 © f. 8fU-f 2 5-1 tm2 (D^m&ls-if 2 6 - 1 

6 0 4 fC * 1" <fc ? K M $ © p & $ ft £ 0 
[ 0 0 4 3 ] 

fi^7'JXA2 9 - itj;Dii:^t-§2oco^^i*^-if'7 l e^^^$n, sioiliii 

§M3 0 0©£{8g|53 0 lA^i§)tHT@^LT^4^UyX*^tT, 
[ 0 0 4 4 ] 40 

*M#£ffi?3£ft;fcM^)Hi*ffa-fSi!2 ©ftM£§fI$£ 4 0 0(^j|f§ o 

[ 0 0 4 5 ] 

i£ ill s n fc y •>} K it , S2oft«i»fii«4ooii:»ttBnfe£«fi5 0 lfcio, - 

^Lfc^d(cmiCD7t«^)Mgfi«3 0 0 i^2©) l 6J«^^§fMli4 0 0 i:©hv<y^> 

ffl i^n§o 

[ 0 0 4 6 ] 

1 1 i?)^illfii 3 0 0 ©f iS 3 0 2 0lffK"3^T^t 0 fstfitSfl 3 0 2 7? 
tt±aLfe»2O^Ji«[SISm«400^6©SW^fc»2©3t«t«SIS©«400OB6 
tijgp 4 0 l fr6BWSftfcMtttf|i3l$lcg©SnSo t 2 ©ftMMSfftli 50 
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400<DJMai^40 1^6Slffl«nS€^3tH:, 13Uc»l MM^fg« 3 0 0© 
£ ft 3 0 1 t|WHitC^t±ig!54 0 l£A££n3x~#M^£ifi3£LfcM#feo/c{t*f 

[ 0 0 4 7 ] 

SlO)ti«ISSa 3 0 0 OSiS30 IT' tt, £2(Qftait»&£M«4 0 0T?Kltfl, 
fcfiWftttttfitti: LTMSti, S 2 <0#fc«iBS©* 3 0 0 frSSStfiS nfcffl 

[ 0 0 4 8 ] 

H 1 ©MH^Slii! 3 0 0 ©§{195 3 0 2 fcSJig Lfc£«*ft(±M#SS7'J XA 3 0 - 

1 *fr LTjfiX«&fc#**ft*. #SiSftfcM£¥?T&M©ftM l ©7 * h #V 
*- H 3 l - 1 T«fiSic|||jn« 0 $ fe, #«Sttfcffiffif«:gfi&ffiig©fttt!g2<E> 

[ 0 0 4 9 ] 

m 4 (c^-r<fc 9 mi ©MU^ma 300 ^e.^ft LfcMfi^oTtfifgiiSfi^t 

[ 0 0 5 0 ] 

3 6-1 (a^*tl5„ COJ:?, SI2<07*h#^*-K3 2 - IT II ^CMSflfc 
ftflM7#;^M^£ < #tf fctf>, 3 >r 3 9 - IK «fc 0 Mf»J«n5 0 
[ 0 0 5 1 ] 

cot*, ffiaja^-^oftflURfttn^fyu-a 9 - i © n m t © m # o . o 2 & t £ st 

fet%£&^ 0 cftizm 2 <DW-tii^m^3 6 - 1 <D\t><{ y\z-?y Xtf 5 0 Q b%X.fz 
ffifflKl?SSi*SttfeM^«})if&tf )ttlift©^»W±jb<» 2 ©«M£ft88 3 6- 

[ 0 0 5 2 ] 

$ 1 ©tt*8«a&«fl«3 0 0 ©gM 3 0 2fCA*!f3Sf!2 ©ftfcHaggflflU 0 0 & 
[ 0 0 5 3 ] 

^2O^^^3MSfi®4 0 0 ^jimLfcf : --^M^{cov^Tt±^lcD^ffi©^fili;|5]|i^ 
jSl07*h^-f*-H31-l, H 2 © 7 * h ^-T K 3 2 - K IS 1 ©ttMM 
jftffi 3 5 - 1 «fc 0 #*ft©««fc *SUTjEft©fl|^^iti*«tl7 e -*#^ LTUX 0 Hi 

[ 0 0 5 4 ] 

sfc, $ 2 ©TtM^sM 4 o o mmm Lrcmmnmrnrnmc-D^Ttt, fcMKvm® 
i&mmm^s tmm Km 2 ©hmmm 3 e - it x^-r s 0 -r&fr^, 12^1^1 
jEEs«igg 36-1 © mtsmmm^K am 2 vyttemm&mm 4 0 0 k £ §saf$©M$ 
m^tm 2 (D-ytmmm^mm 400 <on-t z&j%&m%<D 2 o<dt;^ h;n£###£-r 

5 c 

[ 0 0 5 5 ] 

iltf, fe&frU&SJaoffil ©ft*K*8&£M«3 0 0©MM^-JlM£:tF!2©ft?ffi 

4 0 0 ©ffiJSiSMJSlig«*B& 6*T6 < C t K «fc D , HOfttt&gg 38-1 

tt*L» si 1 (oytmrnrngm® 3 0 0 ©km© fgjaM^js &&$#©#£ am^tci* 

[ 0 0 5 6 ] 

tfe^oT, swidoiufiUij^mkftaiaic, n 1 ©^M^ftii 3 0 o©s 

2 © ft M S § if 4 0 0fca*S#lRl*1M»'fSe:fcfc«i:»), SiWfi;b7^>^tf 
16 i: ft s 0 

[ 0 0 5 7 ] 
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c c t > r *f *r 5 i a 01J ar m is t as s s n t ^ a ji & * y y r t ^ tr n * s # % * 

[ 0 0 5 8 ] 

s fe, mmmmm 3 s - i t * o , mi ©ttft«2S3<g« 300 9jatftft«# 

*SKW{c«iHi1-s #\ $ 2 ©«ffi*ESe»8g3 6 - 1 rtasfcxy ;l/**19tt 

[ 0 0 5 9 ] 

s m <d jsi m & if? 1 <Dxmmm%mm3 0 0 ^n^cD^Mg-gfiiu 0 
o^aaetstf, ift a s fig » s vmc tnc s 5 is 1 cd^m^sm 3 

[ 0 0 6 0 ] 

S x ffi /a ifi fa 5} i, J i] ?i£ & (± * Pi ft iotl^J^aiS^ (2Mz(t2, «F BH ¥ 7 - 1 8 
3 8 4 9 0I5f!l) £ 0 & iili WI i£ tfc £ L T , h7y*>?IM»K:*»ft©«»*£W- 

[ 0 0 6 1 ] 

[ 0 0 6 2 ] 
[ » HB © & £ ] 

w ± m m l tc j: a , * % w * n « -r - * ra # tc ft; « ^ ft a< s is £ m % £ fc $t n 

[M©f§!¥&M] 

[0 1] $?§03©Ig l«^fifiO0J!8K«Srtllft«2gS««*^-rH 
[H2]*%0^cDft©^ii<Dmii^^5^te|g^§fl1i^^-r0 

[13] *%mvm<DMmv&mici*%Ei%fa%:*?m 
0 
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